Increased salt concentration has a negative effect on germination parameters and early seedling growth. The objective of this study was to evaluate germination parameters and early seedlings growth of maize under different salinity conditions (0, -0.3, -0.6, -0.9 and -1.2 MPa). Germination was tested in double rolled filter paper, moistened with different NaCl solution, in the dark at 25°C. Osmotic stress had significant effects on all examined characteristics, except on final germination. Under the highest osmotic stress, mean germination time and time to 50% germination were 14 h and 30 h longer than at control. Root and shoot length under those conditions (-1.2 MPa) were 76% and 87% shorter compared to control, while root and shoot weight were reduced (81% and 87%). Minor reduction in germination energy was recorded under stress. These results showed different responses of germination parameters and early seedling growth in the observed genotype under different salinity conditions.
Introduction
High salt content in the soil is one of the most important environmental factors limiting global crop production. Out of 230 million hectares of irrigated agricultural land approximately 45 million hectares are salt-affected (Athar & Ashraf 2009 ). The various negative effects of high salt concentrations on plant metabolism can be observed from the cellular to the whole plant level. Through the osmotic effect, salinity reduces the ability of plants to absorb water, which results in growth reduction (Munns 2002) . Increased concentrations of salt cause disorders in ion absorption (Karimi et al. 2005) . Increased absorption and accumulation of certain ions from the soil can result in specific ion toxicity (Nawaz et al. 2010) . The most common salt in saline soils is sodium chloride (Zörb et al. 2004) . Sodium can affect plant growth of many halophytes, influence the metabolism of C 4 plants and replace potassium (Subbarao et al. 2003) . Sodium toxicity is primarily caused by Na + competing with K + , which alters K + /Na + ratio in the cytosol (George et al. 2012) . Chlorine is widespread in the nature, and plants easily absorb chloride ions. Chloride ions play an important role in PS II, membrane potential stabilization and turgor and pH regulation. External Cl concentrations higher than 20 mM can be toxic in susceptible plant species, whereas in tolerant species external concentrations four to five times higher can show no effect on plant growth (Broadley et al. 2012) .
Increased salt concentration has a negative effect on germination parameters. For example, Jamil et al. (2006) showed a negative effect of increased salt concentration on germination rate and early seedling growth of four plant species: sugar beet (Beta vulgaris), cabbage (Brassica oleracea capitata L.), amaranth (Amaranthus paniculatus) and pakchoi (Brassica compestris). Asaadi (2009) reported decreased seed germination of Trigonella foenumgraecum under high salinity conditions.
One of the three most important crops in the world, maize is classified as a moderately salt-senshort report / kratko saopštenje sitive crop. Negative effect of increased salt concentration on maize seed germination and early growth has previously been reported (Carpici et al. 2009 ). Seed germination and optimal early seedling growth are major factors that influence appropriate crop establishment -one of the most important determinants of grain yield.
The aim of this study was to evaluate germination parameters and early seedling growth of maize under different salinity conditions.
Materials and Methods
Maize inbred line 21 NSHt, developed at the Institute of Field and Vegetable Crops from Novi Sad, Serbia was used as seed source. Seeds were sterilized in 5% NaOCl solution for 5 minutes, and after that rinsed under tap water. Germination was tested in double layer rolled filter paper (30x30 cm) moistened with different NaCl osmotic solutions (0, -0.3, -0.6, -0.9 and -1.2 MPa) calculated according to Coons et al. (1990) . Testing was carried out in the dark at 25°C, in four replicates with 50 seeds per replicate. Rolls of filter paper were put in plastic bags. Filter papers were replaced every two days to avoid change of osmotic potential due to water uptake and evaporation. Number of germinated seeds was recorded daily for 7 days. Seeds were considered germinated when the radicle was 2 mm long.
Germination energy (GE) and final germination (FG) were recorded on days 4 and 7, respectively (ISTA, 2008) . Mean germination time (MGT) was determined using the formula (Ellis & Roberts 1981) :
where D is the number of days counted from the beginning of germination and n is the number of seeds that had germinated on day D.
Time to 50% germination (T 50 ) was determined using the formula of Coolbear et al. (1984) modified by Farooq et al. (2005) :
where N is the final number of germinating seeds, n j and n i are represent the cumulative number of seeds germinated at times t j and t i , respectively, when n i <N/2 <n j .
Seedling root length, shoot length, root fresh weight and shoot fresh weight were measured on day 7.
Data were processed using one-way analysis of variance. Means were compared using Duncan's multiple range test (Steel & Torrie 1980) .
Results and Discussion
Osmotic potential of the NaCl solution had a significant effect on most maize seed germination parameters and early seedling growth (Table 1;  Table 2 ). The largest changes in seed germination parameters and seedling characteristics occurred at the lowest osmotic potential conditions. The final seed germination under different osmotic potential was between 96.5% and 97.5%, and there was no significant difference between all examined treatments. Increased salt stress had an adverse effect on maize seed germination energy. Germination energy significantly decreased (for 8% and 9%) compared to the control, under -0.9 and -1.2 MPa osmotic conditions of the NaCl solution. Similarly, Patanè et al. (2012) reported that increased salt stress had no negative effect on final germination; however, salt stress prolonged seed germination in sweet sorghum.
Significant differences in seed MGT and T 50 were recorded for different osmotic potentials. MGT was the longest in the presence of the -1.2 MPa osmotic potential, and it was 14 h longer then mean germination time of the control. T 50 was increased in presence of the -1.2 MPa osmotic potential, which was 30 h longer then the T 50 of the control. Akbarimoghaddam et al. (2011) reported that the delay in MGT was a result of Na + accumulation in the seeds, which has an adverse effect on seed germination process in wheat. Chartzoulakis & Klapaki (2000) showed that salinity has physical-chemical effect on the paper seed, decreasing seed water uptake, resulting in a slower and/or lower rate of germination. T 50 , MGT and GE are important parameters that indicate rapid and successful crop establishment. As a result of rapid seed germination, the period in which the seeds are exposed to the attack of pathogens is significantly reduced (Beckstead et al. 2007 , Dalling et al. 2011 .
Increased stress levels had a significant effect on maize seedling characteristics. Generally, with salinity level increase, root and shoot weight and length decreased. Root length and weight were sensitive to increased NaCl osmotic stress. In root length and weight, between all examined treatments significant difference was recorded. Root length was the most reduced in the presence of the highest negative osmotic potential value (-1.2 MPa), and was 76% shorter compared to control. Mean root weight varied between 0.21 and 0.04 g under different osmotic conditions. Minimum root weight, recorded at -1.2 MPa, was 81% reduced compared to the control. Roots are placed in a soil medium, and have a direct contact with the soil solution, and therefore root length and weight are important indicators of plant response to salt stress.
According to our results, shoot length and weight were sensitive to decreased NaCl osmotic potential. Significant decrease in shoot length and weight was recorded from the control to stress level of -0.9 MPa, while between salinity levels -0.9 MPa and -1.2 MPa significant difference was not found. The largest reduction of shoot growth was at the maximum salinity level (-1.2 MPa), with 87% reduction compared to the control. These results are consistent with the results of Khodarahmpour (2012) and Janmohammadi et al. (2008) who reported that root and shoot length were reduced following an increase in salinity. Bybordi (2010) showed that increased salinity reduced root and shoot length in canola. Shoot weight under -0.3, -0.6, -0.9 and -1.2 MPa NaCl solution treatments was reduced by 19%, 62%, 81% and 87% respectively, compared to the control. Iqbal & Ashraf (2010) also reported that salinity caused a decrease of shoot weight in two different wheat cultivars. Figure 1 shows different dynamics of cumulative germination, depending on NaCl solution osmotic potential. Increase in osmotic potential of NaCl solution resulted in decrease of germination rate. The greatest difference between treatments was on the second day.
Conclusions
The results of this study show that osmotic stress had a negative effect on mean germination time, time to 50% germination, germination energy, shoot length, root length, shoot weight and root weight. The highest concentration of NaCl had the most deleterious effects on germination parameters and early seedling growth. Osmotic stress had no significant effect on final germination. These results showed the negative response of germination parameters and early seedling growth in the observed genotype under different salinity stress conditions.
